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ABSTRACT
Background: The utilization of health-related quality of life
(HRQOL) measurement in an effort to improve pediatric
health and well-being and determine the value of health care
services has grown dramatically over the past decade. The
paradigm shift toward patient-reported outcomes (PROs) in
clinical trials has provided the opportunity to emphasize the
value and essential need for pediatric patient self-report. In
order for HRQOL/PRO comparisons to be meaningful for
subgroup analyses, it is essential to demonstrate factorial
invariance. This study examined age subgroup factorial
invariance of child self-report for ages 5 to 16 years on more
than 8500 children utilizing the PedsQL™ 4.0 Generic Core
Scales.
Method: Multigroup Conﬁrmatory Factor Analysis
(MGCFA) was performed specifying a ﬁve-factor model. Two
multigroup structural equation models, one with constrained
parameters and the other with unconstrained parameters,
were proposed to compare the factor loadings across the age
subgroups.
Results: Metric invariance (i.e., equal factor loadings) across
the age subgroups was demonstrated based on stability of the
Comparative Fit Index between the two models, and several
additional indices of practical ﬁt including the Root Mean
Squared Error of Approximation, the Non-Normed Fit
Index, and the Parsimony Normed Fit Index.
Conclusion: The ﬁndings support an equivalent ﬁve-factor
structure across the age subgroups. Based on these data, it
can be concluded that children across the age subgroups
in this study interpreted items on the PedsQL 4.0
Generic Core Scales in a similar manner regardless of their
age.
Keywords: child self-report, children, Conﬁrmatory Factor
Analysis, factorial invariance, health-related quality of life,
patient-reported outcomes, PedsQL.
Introduction
The past decade has demonstrated a signiﬁcant
increase in the utilization of pediatric health-related
quality of life (HRQOL) instruments in an effort to
improve pediatric patient health and well-being and to
determine the value of health-care services [1,2]. A
HRQOL instrument must be multidimensional, con-
sisting at the minimum of the physical, psychological
(including emotional and cognitive), and social health
dimensions delineated by the World Health Organiza-
tion [3,4]. Although the measurement of HRQOL in
pediatric clinical trials has been advocated for a
number of years [5], the emerging paradigm shift
toward patient-reported outcomes (PROs) in clinical
trials [4] has provided the opportunity to further
emphasize the value and essential need for pediatric
patient self-report measurement as efﬁcacy outcomes
in clinical trials [6–9].
Pediatric Clinical Trials and PROs
During the past several years, legislative changes have
created both voluntary and mandatory guidelines
for drug studies in children, resulting in a substantial
increase in pediatric clinical trials [4]. Under the Pedi-
atric Exclusivity Provision of the Best Pharmaceuticals
for Children Act, reauthorized in 2002, companies
that conduct drug studies with children, as requested
by the Food and Drug Administration (FDA), are eli-
gible for an additional 6 months of marketing exclu-
sivity for the studied drug. The Pediatric Research
Equity Act, signed in 2003, allows the FDA to require
pediatric studies if it is determined that the product is
likely to be used by a considerable number of pediatric
patients, or the product would offer an important
advantage to pediatric patients over existing
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treatments. Although these pediatric initiatives have
created the opportunity for children to be included in
clinical trials, pediatric patients have not necessarily
been afforded the right to self-report on matters per-
taining to their health and well-being when evaluating
the efﬁcacy of treatments in the majority of pediatric
clinical trials to date [10]. This fact stands in sharp
contrast to the recent FDA draft guidance for industry
in which the FDA describes how it evaluates PRO
instruments as efﬁcacy outcomes in clinical trials [4].
In the Draft Guidance for Industry, the FDA is quite
deﬁnitive in stating that “some treatment effects are
known only to the patient.” Thus, what has been an
obvious recognition in clinical trials for adult patients,
that is, that PROs are patient self-reported outcomes,
has not received the same level of recognition in clini-
cal trials for pediatric patients [10].
The Proxy Problem
It is well documented in both the adult and pediatric
literatures that information provided by proxy-
respondents is not equivalent to that reported by the
patient [11,12]. Imperfect agreement between self-
report and proxy-report, termed cross-informant
variance [13], has been consistently documented in
the HRQOL measurement of children with chronic
health conditions and healthy children [14–21]. In a
meta-analysis of studies evaluating the agreement
between child self-report and parent proxy-report on
different measures of HRQOL, Eiser and Morse
found generally good agreement (r > 0.50) between
child and parent report for domains reﬂecting physi-
cal activity, functioning, and some symptoms, but
generally poor agreement (r < 0.30) between child
self-report and parent proxy-report for emotional
and social HRQOL domains [22]. Given these
Pearson Product-Moment correlations, and others
like them in the literature cited above, it can be con-
cluded that parent proxy-reports typically explain
only 10% to 25% of the variance in child self-report
HRQOL outcomes. Thus, the ﬁndings on the proxy
problem “indicate that parent reports cannot be sub-
stituted for child reports” [23]. To further complicate
the use of proxy reporters, who typically are the
child’s parents, most often mothers, are the unre-
solved concerns regarding the inﬂuence of parental
distress and related factors on parents’ perceptions of
child health and well-being [24–26].
Taken together, the evidence is quite compelling
that evaluating pediatric patients’ perspectives regard-
ing treatment efﬁcacy should become the standard in
pediatric clinical trials given the potential for a signiﬁ-
cant degree of measurement error associated with
parent proxy-report of child HRQOL. Parent proxy-
report should be included to complement pediatric
patient self-report as a secondary outcome measure,
not to serve as a convenient substitute or proxy for
pediatric patient PROs in pediatric clinical trials.
Parent proxy-report should only be the primary
outcome measure when the child is too young or ill or
otherwise unable to self-report [27].
Validation Testing of Age Subgroups
Recent FDA guidelines recommend that instrument
development and validation testing for children and
adolescents be conducted within fairly narrow age
groupings, and to determine the lower age limit at
which children can provide reliable and valid res-
ponses that can be compared across age categories [4].
Consistent with these recommendations, it has been an
explicit goal of the PedsQL Measurement Model [15]
to develop and test brief measures for the broadest age
group empirically feasible, speciﬁcally including pedi-
atric patient self-report for the youngest children pos-
sible. The PedsQL 4.0 Generic Core Scales include
child self-report for ages 5 to 18 years and parent
proxy-report for ages 2 to 18 years [28,29]. The items
chosen for inclusion were initially derived from the
measurement properties of the child self-report scales,
although the parent proxy-report scales were con-
structed to directly parallel the child self-report items.
Thus, the development and testing of the PedsQL as
a pediatric PRO explicitly emphasizes the child’s per-
ceptions, including children as young as 5 years of
age, and consequently serves as an age-appropriate
HRQOL instrument to test the lower age limits achiev-
able for factorial invariance of child HRQOL self-
report.
Factorial Invariance
Generic HRQOL instruments are generally conceptu-
ally consistent with the noncategorical approach to
pediatric chronic health conditions, allowing for com-
parisons across diverse pediatric populations, as well
as benchmarking with healthy populations [15,30].
Nevertheless, in order for these comparisons to be
meaningful, items on a HRQOL measure must re-
present the same constructs across the groups being
compared, that is, they must demonstrate factorial
invariance [31,32]. We use the term factorial invari-
ance to refer to both conﬁgural invariance (i.e., the
pattern of ﬁxed and free factor loadings is constant
across groups although the magnitudes of these load-
ings are not constrained equal), as well as metric
invariance (i.e., the magnitudes of factor loadings for
particular items are invariant across groups). Without
establishing the factorial invariance of an HRQOL
measure across groups, it is impossible to determine
whether between-group differences are the result of
true differences in HRQOL, or a consequence of items
on the measure having different meanings for members
of different groups [32].
Multigroup Conﬁrmatory Factor Analysis
(MGCFA), a method that is an extension of Conﬁrma-
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tory Factor Analysis (CFA), has been widely utilized to
examine factorial invariance across groups, such as in
gender comparison studies [33,34] and cross-cultural
studies [31,32,35]. Using MGCFA, researchers can test
the invariance of two nested models simultaneously
across different populations [32]. Of the two nested
models, the least restrictive model is typically that with
no invariance constraints, while the most restrictive
model (total invariance) has all the parameters con-
strained to be equal across groups [36,37]. Under the
proper conditions, the difference between the nested
models can be tested for statistical signiﬁcance [36,37].
Model ﬁt can also be assessed by comparing the
goodness-of-ﬁt indices for each model and the change
in certain goodness-of-ﬁt indices between two models
[32,36,37].
Although there have been some quantitative studies
to date that have examined the HRQOL factorial
invariance across diverse adult populations [38,39],
there has been a relative absence of similar studies
which have studied the HRQOL factorial invariance
across different pediatric subpopulations utilizing
MGCFA. A study by Yao and Wu [38] among adult
disease groups serves as a useful model. To investigate
the factorial invariance of the WHOQOL-BREF across
a healthy adult population and ﬁve disease popula-
tions, MGCFA with unconstrained and constrained
parameters was conducted to conﬁrm the comparabil-
ity of CFA factor structures between groups. We modi-
ﬁed this overall scheme to examine the factorial
invariance of the PedsQL 4.0 Generic Core Scales for
child self-report across 12 mutually exclusive age
subgroups.
The objective of the present study was to examine
factorial invariance of children’s self-reported
HRQOL across individual age subgroups from 5 to
16 years using child self-report data on over 8500
children utilizing the PedsQL 4.0 Generic Core
Scales. These age subgroup analyses are consistent
with the FDA draft guidelines recommending valida-
tion testing for children and adolescents within fairly
narrow age groupings and the determination of the
lower age limit at which children can provide valid
responses [4].
Methods
Participants and Settings
The sample contains child self-report age subgroup
data on 8591 children ages 5 to 16 years from the
PedsQL 4.0 Generic Core Scales database (previously
published data, n = 8086, 94.1%; unpublished data,
n = 505, 5.9%). Participants were recruited from
general pediatric clinics, subspecialty clinics, and hos-
pitals in which children were being seen for well-child
checks, mild acute illness, or chronic illness care
(n = 2603, 30.3%), and from a State Children’s Health
Insurance Program (SCHIP) in California (n = 5988,
69.7%). Participants recruited from general pediatric
clinics, subspecialty clinics, and hospitals were
assessed in-person or by telephone. For in-person
mode of administration, research assistants obtained
written parental informed consent and child assent.
Paper-and-pencil surveys were self-administered for
parents and for children ages 8 to 16 years, and
interview-administered for children ages 5 to 7 years
(and also in situations where the child was unable to
read or write as a consequence of either physical or
cognitive impairment). For telephone administration,
parents of children ages 5 to 16 years were called by a
research assistant who explained the study and
obtained verbal parental informed consent and child
assent. The research assistant verbally administered
the PedsQL 4.0 individually to the parent and the
child. If the child was not home at the time of the
initial call, the research assistant arranged for a call
at another time. These research protocols were
approved by the Institutional Review Board at Chil-
dren’s Hospital and Health Center, San Diego and
other appropriate local Institutional Review Boards.
Participants recruited from the SCHIP were
assessed via statewide mailing. PedsQL 4.0 paper-and-
pencil surveys were mailed separately for each of the
months of February and March 2001, to families with
children ages 5 to 16 years throughout the state of
California who were new enrollees in SCHIP. Parents
and children ages 8 to 16 years were instructed to
complete the survey separately, although parents of
children ages 5 to 7 years were instructed to assist their
child in completing the survey after completing the
proxy-report. A reminder postcard followed the initial
mailing, with a second survey mailed to nonrespon-
dents. Nonrespondents to the second survey received
a telephone reminder. Given that this project was
conducted for program evaluation to comply with
California Insurance Code 12693.92 (b), and not spe-
ciﬁcally for research purposes, parents and children
did not complete informed consent forms [29]. This
protocol of analyzing existing deidentiﬁed data was
approved by the Institutional Review Board at
Children’s Hospital and Health Center, San Diego.
For all forms combined (N = 8591), the number of
children within each age subgroup is as follows: 757
5-year-olds (8.8%), 932 6-year-olds (10.8%), 891
7-year-olds (10.4%), 882 8-year-olds (10.3%), 841
9-year-olds (9.8%), 841 10-year-olds (9.8%), 683
11-year-olds (7.9%), 683 12-year-olds (7.9%), 614
13-year-olds (7.1%), 572 14-year-olds (6.7%), 563
15-year-olds (6.6%), and 332 16-year-olds (3.9%).
The sample contains 4391 boys (51.1%), 4185 girls
(48.7%), and 15 missing (0.2%). The sample is
heterogeneous with respect to race/ethnicity with
4403 Hispanics (51.3%), 1995 white non-Hispanics
(23.2%), 759 Asian or Paciﬁc Islanders (8.8%), 405
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black non-Hispanics (4.7%), 41 American Indians or
Alaskan natives (0.5%), 115 other (1.3%), and 873
missing (10.2%). Child surveys were completed in
English (n = 4859, 56.6%), Spanish (n = 3377,
39.3%), Chinese (n = 184, 2.1%), Korean (n = 93,
1.1%), and Vietnamese (n = 46, 0.5%; missing = 32,
0.4%). Response equivalence has been previously
demonstrated across language for the PedsQL by
examining the percent of missing data, ﬂoor and
ceiling effects, and scale internal consistency across
language, as well as across mode of administration
[28].
The sample includes healthy children, who were
assessed either in physicians’ ofﬁces during well-child
checks and/or whose parents did not report the pres-
ence of a chronic health condition (n = 5491, 63.9%),
acutely ill children, whose parents did not report the
presence of a chronic health condition, but who were
assessed at one of the pediatric clinics or hospi-
tals (n = 142, 1.7%), chronically ill children, whose
parents reported the presence of a chronic health con-
dition (i.e., a physical or mental health condition that
has lasted or is expected to last at least 6 months and
interferes with the child’s activities) and/or were iden-
tiﬁed through their medical records as having a chronic
health condition (n = 2627, 30.6%), and 331 missing
(3.9%). Mean socioeconomic status (SES) was
unavailable for this sample, although the statewide
SCHIP sample was representative of low-income fami-
lies (<250% of the federal poverty level) [29].
Measures
The PedsQL 4.0 (Pediatric Quality of Life Inventory
Version 4.0) Generic Core Scales
The 23-item PedsQL 4.0 Generic Core Scales encom-
pass: (1) Physical Functioning (eight items); (2) Emo-
tional Functioning (ﬁve items); (3) Social Functioning
(ﬁve items); and (4) School Functioning (ﬁve items),
and were developed through focus groups, cognitive
interviews, pretesting, and ﬁeld testing measurement
development protocols [15,28]. The instrument takes
approximately 5 minutes to complete [28].
The PedsQL 4.0 Generic Core Scales are comprised
of parallel child self-report and parent proxy-report
formats. Child self-report includes ages 5 to 7, 8 to 12,
and 13 to 18 years. Parent proxy-report includes ages
2 to 4 (toddler), 5 to 7 (young child), 8 to 12 (child),
and 13 to 18 (adolescent) years, and assesses parent’s
perceptions of their child’s HRQOL. The items for
each of the forms are essentially identical, differing in
developmentally appropriate language, and ﬁrst- or
third-person tense. The instructions ask how much of
a problem each item has been during the past 1 month.
A 5-point Likert response scale is utilized across child
self-report for ages 8 to 18 years and parent proxy-
report (0 = never a problem; 1 = almost never a
problem; 2 = secometimes a problem; 3 = often a
problem; 4 = almost always a problem). Items are
reverse-scored and linearly transformed to a 0-to-100
scale (0 = 100, 1 = 75, 2 = 50, 3 = 25, 4 = 0), so that
higher scores indicate better HRQOL. Scale scores are
computed as the sum of the items divided by the
number of items answered. To further increase the ease
of use for the young child self-report (ages 5 to
7 years), the response scale is reworded and simpliﬁed
to a 3-point scale (0 = not at all a problem; 2 =
sometimes a problem; 4 = a lot of a problem), with
each response choice anchored to a happy-to-sad faces
scale [40,41]. For the purposes of these analyses,
child self-report age subgroup data for children 5 to
16 years were utilized.
In summary, there are several age-appropriate
instrument differences utilized for 5- to 7-year-olds
relative to 8- to 18-year-olds. For children’s self-
reported PedsQL 4.0 scores, 5- to 7-year-olds are
assessed via interviewer-administration, whereas the
PedsQL is self-administered for the vast majority of
children ages 8 to 18 years. Also, 5- to 7-year-olds
respond on a 3-point Likert scale, whereas 8- to
18-year-olds use a 5-point Likert scale. These instru-
ment differences were deliberately designed to make
the self-report measure more understandable for 5- to
7-year-olds based on extensive and iterative focus
groups and cognitive interviewing protocols. Conse-
quently, any similarities in the factor structures of
PedsQL 4.0 scales for 5- to 7-year-olds relative to 8- to
16-year-olds for the present study reﬂect similarities in
the measurement properties of the scale despite format
and administration differences across age subgroups.
That is, our test of measurement invariance across age
subgroups represents a conservative test of measure-
ment equivalence, because format and administration
differences across age subgroups would be expected to
exacerbate, not reduce, group-wise differences in
factor structures.
PedsQL Family Information Form
The PedsQL Family Information Form [28] or survey
items adapted from the PedsQL Family Information
Form were completed by parents. The PedsQL Family
Information Form contains demographic informa-
tion including the child’s date of birth, gender, race/
ethnicity, and parental education and occupation infor-
mation required to calculate the Hollingshead SES
index [42]. One survey question asks the parent to
report on the presence of a chronic health condition
(“In the past 6 months, has your child had a chronic
health condition?”) deﬁned as a physical or mental
health condition that has lasted or is expected to last at
least 6 months and interferes with the child’s activities.
If the parents check “Yes” to this question, they are
asked to write in the name of the chronic health
condition.
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Statistical Analyses
Exploratory factor analyses of the PedsQL 4.0 Generic
Core Scales conducted on data from the initial ﬁeld test
[28] suggest that a ﬁve-factor model is appropriate.
Thus, a ﬁve-factor model was speciﬁed for the CFA
analyses in the current study. Two multigroup struc-
tural equation models were proposed a priori to
compare the factor loadings across the age subgroups.
In Model A, the factor loadings of the prespeciﬁed
ﬁve-factor model were estimated freely within each age
subgroup. In Model B, the factor loadings were con-
strained to be equal across the age subgroups. Com-
parison of Model A to Model B represents a test of
measurement equivalence across age subgroups.
Both Model A and Model B reﬂect types of factorial
invariance of the PedsQL 4.0 Generic Core Scales. In
particular, Model A “All Free Loadings” is a model
of conﬁgural invariance (meaning that the pattern of
ﬁxed versus free loadings is the same across age
groups), while Model B “Factor Loadings Constrained
Equal” is a model of metric invariance (meaning that
the magnitude, or size of the factor loadings for each
item is held constant across age groups [43]). Metric
invariance (Model B) is a stricter form of measurement
equivalence than is conﬁgural invariance (Model A).
By comparing Model B to Model A, we can assess
whether the stricter metric invariance conditions are
met across age subgroups.
For large samples such as the present one
(N = 8591), the chi-square statistic is an extremely
sensitive statistical test, and not a practical test of
model ﬁt [32,44]. Thus, given the limitations of the
chi-square statistic with large sample sizes, and consis-
tent with recommendations set forth in the literature
[32,45,46], we examined the change in Comparative
Fit Index (CFI [46]) between the two models, and
several different indices of practical ﬁt including the
Root Mean Squared Error of Approximation (RMSEA
[47]), the Tucker-Lewis Index (also known as the Non-
Normed Fit Index; NNFI [48]), and the Parsimony
Normed Fit Index (PNFI [49]), to evaluate the
goodness-of-model ﬁt across age subgroups [45,50].
Acceptable model ﬁt is suggested by RMSEA values
between 0.08 and 0.06 [50,51], while for the PNFI,
NNFI, and CFI indices, values approaching 0.90 or
greater are considered to demonstrate close model ﬁt
[45,46,52]. Statistical analyses were conducted using
LISREL 8.5 for Windows [53].
Results
Table 1 presents the ﬁt index values for Models A and
B. Model A estimated distinct factor loadings for each
age category, while Model B was constrained to
provide a single set of factor loadings across all age
groups from 5 to 16 years. The ﬁt indices for Model A
suggest that the ﬁve-factor measurement model of the
PedsQL 4.0 Generic Core Scales has acceptable ﬁt
within each age subgroup, from 5 to 16 years of age
[32] (RMSEA’s were consistently at or below 0.08;
CFI and NNFI were at or above 0.94 and 0.93, respec-
tively). The only exception appeared for the 6-year-old
subgroup, within which both CFI and NNFI indices
fell below 0.80. Model B suggests that the ﬁve-factor
measurement model works well across all of the
age subgroups, taken together (RMSEA = 0.073;
CFI = 0.942; NNFI = 0.938).
We next assessed whether a model that constrained
the measurement properties to be equal across all age
subgroups (Model B) would ﬁt as well as a model that
estimated separate measurement properties for each
age group (Model A). When conducting MGCFA to
assess measurement invariance, it has been recom-
mended that changes in CFI values of 0.01 or less (or
alternatively, between 0.01 and 0.02) are indicative of
factor invariance across the groups [31,32]. In the
current study, the change in CFI between Model A and
Model B was 0.944 - 0.942 = 0.002. These ﬁndings
suggest that Models A and B are practically equivalent
in empirical ﬁt. Although the RMSEA, CFI, and NNFI
values indicate that Model A and Model B have
equivalent ﬁt, the PNFI values give a slight advantage
to Model B, because it is much more parsimonious
[45]. In short, using a single measurement model
(constraining the factor loadings equal) across all age
subgroups (5 to 16 years) results in the same empirical
ﬁt as using 12 different measurement models across the
12 age subgroups. Nevertheless, using a single mea-
surement model is much more parsimonious.
Parameter estimates in Table 1 reﬂect the within
group completely standardized factor loadings (for
Model A) and the common metric completely stan-
dardized factor loadings (for Model B). Across the age
subgroups, the 23 items on the PedsQL 4.0 Generic
Core Scales loaded similarly onto their ﬁve corre-
sponding factors, providing further evidence that the
items are measuring similar HRQOL constructs for
children ages 5 to 16 years. There is a general trend on
certain items (Phys 2, 3, 4, 8; Emot 1, 3, 4; Soc 1, 2, 3;
Sch 2; MsSch 1) to have higher factor loadings as
children become older. This suggests that despite the
acceptable ﬁt of the ﬁve-factor model across the age
subgroups, the construct validity of certain items
becomes slightly better as respondents increase in age.
For instance, Phys 3 says, “It is hard for me to do
sports activity or exercise.” Given that children typi-
cally become increasingly involved with organized
sports activities or exercise as they become older, the
opportunity to express this kind of behavior is much
greater for older children.
Intercorrelations among the ﬁve PedsQL latent
factors (averaged across groups) were in the range
from 0.449 to 0.693. Although these are relatively
large factor intercorrelations, we do not judge them to
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be so large as to threaten the discriminant validity of
the PedsQL 4.0 Generic Core Scales (i.e., the factor
intercorrelations are still below 1.00). Relatedly, it is
important to note at this point that the previously
reported results from our factorial (metric) invariance
tests do not logically depend upon these intercorrela-
tions among the factors. On the contrary, the reverse is
true—comparisons of factor corrrelations across age
subgroups assume that the condition of metric invari-
ance has been met, not vice versa [31]. In short, the ﬁve
PedsQL factors are intercorrelated, but this does not
threaten the metric equivalence of the measure across
age groups.
Discussion
Metric invariance across the age subgroups was
achieved based on the change in CFI and several dif-
ferent indices of practical ﬁt, including the RMSEA,
PNFI, CFI, and NNFI. These ﬁndings taken as a whole
suggest that when self-reporting their HRQOL, chil-
dren across the age subgroups from 5 to 16 years had
a similar ﬁve-factor HRQOL structure. As a result, it
can be concluded that children in this study had a
similar interpretation of the items on the PedsQL 4.0
Generic Core Scales regardless of age.
Previously, we demonstrated the internal consis-
tency reliability and known groups discriminant valid-
ity (healthy children vs. pediatric patients with chronic
health conditions) for children at individual age sub-
groups, including children as young as 5 years of age
[54]. Taken together, these published ﬁndings and the
ﬁndings of the present study demonstrate that the mea-
surement properties for child self-report as young as
5 years of age are acceptable for pediatric clinical
trials as outcome measures when an age-appropriate
HRQOL instrument is utilized.
In addition to testing whether factor loadings are
the same size across age groups (i.e., comparing con-
ﬁgural invariance [Model A] with metric invariance
[Model B]), there are additional tests that have been
described for investigating other types of measurement
invariance [31]. These other types of invariance
include whether item intercepts or means are equiva-
lent across groups (supported in the current
data; CFI = 0.928; DCFI = -0.014; RMSEA = 0.080),
whether item uniquenesses or reliabilities are invariant
across groups (not strongly supported in the current
data; CFI = 0.905; DCFI = -0.023; RMSEA = 0.088),
and also an omnibus test for whether the itemwise
covariance matrix is equivalent across groups
(supported in the current data; CFI = 0.948; RMSEA =
0.067). We note that the result suggesting item reli-
abilities may vary across age groups is not an indica-
tion that reliability is unacceptably low in any of the
age groups. In fact, Cronbach’s alpha levels were con-
sistently above 0.70 in all age groups [54]. Rather, this
result simply suggests there is some variability across
age groups in just how high these high reliabilities are,
probably because of variation in the response formats
(3-point response format for 5- to 7-year-olds, 5-point
response format for 8- to 16-year-olds). Also, we note
the ﬁnding of item intercept (i.e., item mean) invari-
ance across age groups—while supported in these
data—is not an a priori expectation, nor is it a precon-
dition for drawing our main conclusion, that the
PedsQL 4.0 Generic Core Scales measures the same
constructs across age groups.
One potential limitation is that LISREL’s maximum
likelihood estimation routine assumes multivariate
normality on continuous variables, an assumption
which may be harder to meet for the younger age
groups (5 to 7 years) in our sample who responded to
HRQOL items on a 3-point Likert scale. In other
words, in the present ﬁndings the 3-point scale may
have potentially threatened its distributional proper-
ties, compared with the 5-point scale (which was com-
pleted by children ages 8 to 16 years). To assess this
possibility, we inspected descriptive statistics, which
suggested that responses to the 3-point Likert items did
not differ greatly from the responses made by older
children who used the 5-point Likert scale. Results of
these descriptive comparisons were as follows (esti-
mates averaged across items): 1) average item mean
= 80.16 for the 3-point scale; = 80.82 for the 5-point
scale; 2) average item standard deviation = 27.38 for
the 3-point scale; = 25.42 for the 5-point scale; and 3)
average item skewness = -1.22 for the 3-point scale;
= -1.41 for the 5-point scale.
When calculating item-wise intercorrelations, we
found that correlations among items rated with a
3-point Likert format were on average 0.085 smaller
than correlations calculated from the same items when
a 5-point Likert response format was used. After
applying a correction for scale coarseness [55,56], the
average difference between correlations among the
3-point items and correlations among the 5-point
items dropped to 0.046. In other words, when con-
sidering the difference in correlation magnitudes
between the younger (ages 5 to 7 years) subsample
who used the 3-point scale and the older (ages 8 to
16 years) subsample who used the 5-point scale, we
note that roughly half of this difference is attributable
to scale coarseness of the 3-point scale, and roughly
half is attributable to veridically lower item reliability
among younger respondents. Regardless of scale
coarseness, metric invariance is upheld across the age
groups.
Although pediatric patient self-report should be
considered the standard for measuring perceived
HRQOL, there are circumstances when children are
too young, too cognitively impaired, too ill or fatigued
to complete a HRQOL instrument [27], and reliable
and valid parent proxy-report instruments are needed
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[57,58]. Future research should assess measurement
equivalence between parent and child reports utilizing
MGCFA. Ideally, parent and child HRQOL instru-
ments shouldmeasure the same constructs with parallel
items to make comparisons between self- and proxy-
report meaningful [59,60], with demonstrated feasibil-
ity, reliability, and validity at individual age subgroups
[27] consistent with FDA draft guidelines [4].
Conclusions
Pediatric PROs should be accepted as the standard for
HRQOL measurement in pediatric clinical trials in
which patient HRQOL is investigated. In this way, the
voices of the children will be heard in matters pertain-
ing to their health and well-being, given the perspective
that “some treatment effects are known only to the
patient” [4]. Measuring perceived health from the per-
spective of children provides a level of accountability
consistent with the Institute of Medicine report on the
quality of care [61]. As the consumers of pediatric
healthcare, children are uniquely positioned to give
their perspectives on healthcare quality through their
perceptions of their HRQOL.
Source of ﬁnancial support: Preparation of this manuscript
was supported by an intramural grant from the Texas A&M
University Research Foundation. The PedsQL is available at
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